Assuming the existence of right-handed neutrinos, we consider an electroweak model based on the gauge symmetry SU (4) L ⊗ U (1) N . We study the neutral currents coupled to all neutral vector bosons present in the theory. There are no flavor changing neutral currents at tree level, coupled with the lightest neutral vector boson.
Symmetry principles have been used in elementary particle physics at least since the discovery of the neutron. A symmetry is useful to both issues: the classification of particles and the dynamics of the interactions among them. The point is that there must be a part of the particle spectrum in which the symmetry manifests itself at least in an approximate way. This is the case for quarks u and d and in the leptonic sector for the electron-neutrino and electron. For instance, the SU(2) appears as an approximate symmetry in the doublets (ν e , e)
T . If one assumes this symmetry among these particles and in the sequential families as well, almost all the model's predictions are determined.
The full symmetry of the so called Standard Model is the gauge group SU(3) c ⊗SU(2) L ⊗ U(1) Y . This model spectacularly explains all the available experimental data [1] . Usually it is considered that this symmetry emerges at low energies as a result of the breaking of higher symmetries. Probably, these huge symmetries are an effect of grand unified scenarios and/or their supersymmetric extensions.
Considering the lightest particles of the model as the sector in which a symmetry is manifested, it is interesting that the lepton sector could be the part of the model determining new approximate symmetries. For instance, ν, e and e c could be in the same triplet of an SU(3) L ⊗ U(1) N symmetry. This sort of model has been proposed recently [2] . In this case neutrinos can remain massless in arbitrary order in perturbation theory, or they get a mass in some modifications of the models [3] . If we admit that right-handed neutrinos do exist, it is possible to build a model in which ν c , ν and e are in the same multiplet of SU(3) [4] .
In fact, if right-handed neutrinos are introduced it is a more interesting possibility to have ν, e, ν c and e c in the same multiplet of a SU(4) L ⊗ U(1) N electroweak theory.
Notice that using the lightest leptons as the particles which determine the approximate symmetry, if each generation is treated separately, SU(4) is the highest symmetry group to be considered in the electroweak sector. A model with the SU(4) ⊗ U(1) symmetry in the lepton sector was suggested some years ago in Ref. [5] . However, quarks were not considered there. This symmetry in both, quarks and leptons, was pointed out recently [6] and here we will consider the details of such a model. [7] . This means that in these models as in the SU(3) c ⊗ SU(3) L ⊗ U(1) N ones [2] , in order to cancel anomalies, the number of families (N f ) must be divisible by the number of color degrees of freedom (n).
Hence the simplest alternative is n = N f = 3. On the other hand, at low energies these models are indistinguishable from the Standard Model.
The electric charge operator is defined as
where the λ-matrices are a slightly modified version of the usual ones [8] ,
Leptons transform as (1, 4, 0), one generation, say Q 1L , transforms as (3, 4, +2/3) and the other two quark families, say Q αL , α = 2, 3, transform as (3, 4 * , −1/3),
where a = e, µ, τ ; u ′ and J are new quarks with charge +2/3 and +5/3 respectively; j i and Quark masses are generated by introducing the following Higgs
In order to obtain massive charged leptons it is necessary to introduce a (1, 10 * , 0) Higgs multiplet, because the lepton mass term transforms asf c L f L ∼ (6 A ⊕ 10 S ). The 6 A will leave some leptons massless and some others degenerate. Therefore we will choose the H = 10 S .
Explicitly
If H 
The Yukawa interactions are
where a = e, µ, τ ; k = 1, 2, 3; i = 1, 2 and α, β = 2, 3. We recall that up to now all fields are weak eigenstates. The gauge bosons − √ 2W
The mass matrix for the neutral vector bosons (up to a factor g 2 /4) in the
where t ≡ g ′ /g. The matrix in (7) has determinant equal to zero as it must be in order to have a massless photon. There are four neutral bosons: a massless γ and three massive ones:
The lightest one, say Z, corresponds to the neutral boson of the Standard Model.
The photon field is
with the electric charge defined as
In the following, we will use the approximation
In this approximation the three nonzero masses are given by [9]
where
and we have defined a ≡ v 1 /v 2 . The respective eigenvectors are
with
The hierarchy of the masses is M 0 > M 2 > M 1 . Hence we can identify the eigenvector with n = 1 as being the neutral vector boson of the Standard Model.
However, we have checked numerically if the respective eigenvalue satisfies the relation For these values of a and t the other two neutral bosons have M Z ′ /M W ≈ 60 and
If a < 0.1, all these results depend very weakly on the value chosen for a.
The weak neutral currents have been, up to now, an important test of the Standard
Model. In particular it has been possible to determine the fermion couplings, so far all experimental data are in agreement with the model. In the present model, the neutral currents couple to the Z n neutral boson as follows
where c W ≡ cos θ W and
for the charge 3/2 quarks, and
for the charge −1/3 quarks. We have checked numerically that only for n = 1 we have (for a given value of t and a < 0.1)
and
Hence, we can introduce a discrete symmetry, as in Model I of Ref. [4] , in order to obtain a mass matrix which does not mix u k with u ′ and d k with d (independent of mixing angles) flavor conservation in the neutral currents to order αG F [12] break down, and it should be necessary to impose the restriction that the mixing angles between ordinary and the new heavy quarks must be very small [13] .
It is useful to define the coefficient V = (L + R)/2 and A = (L − R)/2. In the Standard Model, at tree level, we have 
For leptons we have = −0.5. Notice also that at tree level neutrinos are still massless but they will get a calculable mass through radiative corrections. In this kind of model it is possible to implement the Voloshin's mechanism i.e., in the limit of exact symmetry, a magnetic moment for the neutrino is allowed, and a mass is forbidden [5] . We will not discuss this issue here.
Finally, we write down the charged current interactions in terms of the symmetry eigenstates. In the leptonic sector they are
We have also the interaction (g/2)ν c L γ µ ν L X 0 .
In the quark sector we have
where k = 1, 2, 3; α = 2.3; i = 1, 2. We have also interaction via X 0 among primed and unprimed quarks of the same charge asū ′ L γ µ u L and so on.
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